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DESIGN BASIS DOCUMENTS
The TPBAR design basis for the Watts Bar reactor production cores consists of this unclassified design basis description plus a collection of design basis documents. The design basis documents include the design drawings, and the design specifications and component acceptance test requirements. These documents are listed in Appendices A and B, respectively.
GENERAL FUNCTIONS AND REQUIREMENTS
TPBARs are similar in size and nuclear characteristics to standard, commercial PWR, stainless-steel-clad burnable absorber rods. The exterior of the TPBAR is a stainless-steel tube, approximately 152 inches from tip to tip. The nominal outer diameter of the stainless-steel cladding is 0.381 inches. The internal components have been designed and selected to produce and retain tritium. Figure 1 illustrates the concentric, cylindrical, internal components of a TPBAR. Within the stainless-steel cladding is a metal getter tube that encircles a stack of annular, ceramic pellets of lithium aluminate. The pellets are enriched with the 6 Li isotope. When irradiated in a PWR, the 6 Li pellets absorb neutrons, simulating the nuclear characteristics of a burnable absorber rod, and produce tritium, a hydrogen isotope. The tritium chemically reacts with the metal getter, which captures the tritium as a metal hydride.
To meet design limitations on rod internal pressure and burn-up of the lithium pellets, the amount of tritium production per TPBAR is limited to a maximum of 1.2 grams over the full design life of the rod (approximately 600 equivalent full-power days). 
TPBAR COMPONENTS
The TPBAR cladding is double-vacuum-melted, Type 316 stainless steel. To prevent hydrogen from diffusing inward from the coolant to the TPBAR getter and to prevent tritium from diffusing outward from the TPBAR to the reactor coolant, an aluminide coating is on the inner surface of the cladding. This coating barrier must remain effective during fabrication, handling, and in-reactor operations.
The annular ceramic pellets are composed of sintered, high-density, lithium aluminate (LiAlO 2 ).
The metal getter tube located between the cladding and the lithium aluminate pellets is composed of nickel-plated Zircaloy-4. The getter absorbs the molecular tritium (T 2 ) generated during irradiation. Nickel plating is used on both sides of the getter to prevent
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A liner comprised of Zircaloy-4 tube(s) resides inside of the annular pellets. Because the tritium produced in the pellets may be released as oxidized molecules (T 2 O), a reactive metal liner is needed to reduce these species to molecular tritium by reacting with the oxygen. The liner also provides mechanical support to prevent axial movement of pellet material in case any pellets crack during TPBAR handling or operation. The upper and lower plenums in the FLG design each contain a Zircaloy cruciformshaped spacer. At the bottom end, this spacer provides the support for the pellet column. At the top end, the cruciform spacer flares outward at the top to contact with the spring clip. In the Mark 9.2 design both spacers are bare Zircaloy, but in the Mark 10 design the lower cruciform spacer has been surface-modified to include a surface layer of Ni-Zr intermetallics, which improves the oxidation performance.
THE MARK 9.2 AND MARK 10 DESIGNS
In both the Mark 9.2 and Mark 10 designs, the top end plug includes a hex-shaped shank on the upper body, and the top end plug contains a bored out region while the bottom end plug does not. A getter disk resides on the bottom end plug.
TPBAR ASSEMBLIES
A TPBAR assembly is shown in Figure 3 . It should be noted, however, that a typical design used in a 17x17 fuel assembly would contain between four and twentyfour TPBARs, rather than the eight illustrated in Figure 3 . 
